Part B, Volume 1, No. 4, April 1963 


Journal of Polymer Science, Part B 


Polymer Letters 


Editorial Board: R. M. Fuoss- J. J. Hermans - H. Mark - H. W. Melville 
- C. G. Overberger - G. Smets 


Contents 


W. C. TayLor and L. H. Tune: Effect of Polymerization Time on the Molecular 
Weight Distribution of Low Pressure Polyethylene ae 


CHEN-CHUAN TU and CONRAD SCHUERCH: The Stereospecificity of Trimethyl 
Levoglucosan Polymerization. 


Bacon KE: Differential Thermal Analysis of High Polymers. . Some Low- 
Temperature Transitions................. ae ef 


R. B. BEEVERs and E. F.T. Wuitre: A Note on the Glass-Transition Temperatures 
of Acrylonitrile + Styrene Copolymers we 


ApI EISENBERG: Glass Transition Temperatures in Amorphous Selenium. 


B. LIONEL FuntT and FREDERICK D. WILLiAMs: Electroinitiated Polymerization of 
Vinyl Pyrrolidone.... 


G. AyrEy and D. T. TuRNER: A Study of Free Radical Formation on Irradiation 
of Polyisobutene Using a Radioactive Disulfide Scavenger... . 


EpwarpD W. MERRILL: Conformation of Random Coil Macromolecules in the Un- 
diluted Molten State 


K. P. Kwe1 and T. W. Kwer: Intermolecular Forces in Biaxially Oriented Polymers 


Polymer News... 


Published by INTERSCIENCE PUBLISHERS a division of John Wiley & Sons, Inc. 








Journal of Polymer Science Part B: Polymer Letters 


Editorial Board: 


R. M. Fuoss + J. J. Hermans » H. Mark + H. W. Melville - C. G. Overberger - G. Smets 


lhe Journal of Polymer Science is published in three sections as follows: Part A, 
General Papers, monthly; Part B, Polymer Letters, monthly; Part C, Polymer 
Symposia, irregular. 


Published semi-monthly by Interscience Publishers, a Division of John Wiley &Sons, 
Inc., covering one volume annually. Publication Office at 20th and Northampton 
Sts., Easton, Pa. Executive, Editorial, and Circulation Offices at 605 3rd Avenue, 
New York 16, N. Y. Second-class postage paid at Easton, Pa. Subscription price, 
$154.00 per volume (including Part A: General Papers; and Part C: Polymer 
Symposia). Foreign postage, $3.50 per volume (including Parts A and C). 


Copyright © 1963, by John Wiley & Sons, Inc. Printed in U.S.A. 





POLYMER LETTERS VOL. 1, PP. 157-161 (1963) 


EFFECT OF POLYMERIZATION TIME ON THE MOLECULAR 
WEIGHT DISTRIBUTION OF LOW PRESSURE POLYETHYLENE 


Low pressure polyethylene prepared by heterogeneous polymerization 
has been found to have an unusually broad molecular weight distribution 
(1-3). To study the manner by which the molecular weight distribution 
varies during the course of polymerization, we have determined the mo- 
lecular weight distribution of low pressure polyethylene as a function 
of polymerization time. A typical Ziegler-type catalyst system used 
was a mixture of 2.5 millimoles of titanium tetrachloride and 1.25 milli- 
moles triisobutylaluminum per liter of high purity n-heptane. Usual pre- 
cautions were taken to exclude oxygen and moisture in the polymeriza- 
tion system. After the desired time of polymerization at 25°C. the reac- 
tion was quenched by the addition of ethanol. A batch fractionation 
technique was used to determine the molecular weight distribution. Mo- 
lecular weights of the fractions were obtained from inherent viscosities 
determined in Tetralin at 130°C. using the relationship (4) 


[n] = 4.6 x 10-4 x M?9-725 
The inherent viscosity at 0.1 g./100 ml. concentration was taken as the 


intrinsic viscosity [ny] in the above equation. 
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Fig. 1. Molecular weight distribution parameters, (, Mo, vs. 
polymerization time. 
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Fig. 2. Yield vs. polymerization time. 
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Fig. 3. Molecular weight distribution at various polymerization times. 


The molecular weight distribution of all samples was found to follow 


the Wesslau distribution function (1) 


W(M) = (1/8 V77)(1/M) exp t- (1/8?)1n? (M/Mg)} 





POLYMER LETTERS 159 





n 


, dl. /g 





INH. VISC 








0 20 3 
POLYMERIZATION TIME, MIN 


Fig. 4. Inherent viscosity vs. polymerization time. 
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Where W(M) is the differential distribution function, and Mg and f are 
two adjustable parameters (f is related directly to the breadth of molec- 
ular weight distribution). Figure 1 shows the variation of A and My 
with polymerization time. The parameter f, even though increasing 
with polymerization time, is fairly high at the shortest polymerization 
time. At this time, the weight- to number-average molecular weight ratio 
calculated from ff is already as high as nine, thus agreeing with Wesslau 
(5) that broad molecular weight distribution polymer is produced at the 
very beginning of the polymerization. 

The yield versus polymerization time is shown in Figure 2. It is 
seen that although the molecular weight distributions do not show a 
steady state polymerization, the rate of polymerization was constant be- 
tween 2 and 8 min. Constant polymerization rate was observed by Badin 
(6) for ethylene polymerization and by Natta (7) for propylene polymeri- 
zation. 

Figure 3 shows the change of molecular weight distribution with poly- 
merization time. The relative magnitude of the differential distribution 
curves is based on the smoothed value of the yield versus polymeriza- 
tion time relation shown in Figure 2. Molecular weight is plotted on a 
logarithmic scale. The smoothed values of and Mg from Figure 1 were 
used to calculate the curves. It can be seen that the maxima of the dis- 
tribution curves do not increase with polymerization time. The broaden- 
ing of molecular weight distribution was brought about by the simultane- 
ous increase of both very low and very high molecular weight chains 
with polymerization time. 

Figure 4 shows that the average molecular weight (indicated in the 
plot by inherent viscosity) increases with polymerization time. This ob- 
servation is in agreement with that of Chien (8) for ethylene polymeriza- 
tion and that of Natta (7) for propylene polymerization. The polymeriza- 
tion reactions of the present system therefore must not be in a steady 
state. 

Shown in Figure 5 is a plot of 8 versus the logarithm of inherent vis- 
cosity. The open circles in the plot represent the fi of polymers pro- 
duced in normal polymerization time but with a termination agent added 
to the monomer to control the molecular weight. The variation of fA with 
inherent viscosity follows roughly the same line for both polymers. Gor- 
don and Roe (9) derived from a surface-chemical mechanism, a function 
for low pressure polyethylene molecular weight distribution which resem- 
bled the distribution observed in experiments. Based on such a mechan- 
ism, Roe (10) deduced that a termination agent would bring about a nar- 
rowing of molecular weight distribution. The results shown in Figure 5 


contradict Roe’s deduction. 

Wesslau (1) also observed a variation of 8 with average molecular 
weight. The crosses in Figure 5 are Wesslau’s data after conversion to 
the units used in the present work. The distribution of Wesslau’s poly- 
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mer is broader. The variation of B with inherent viscosity is similar to 
that of the polymers studied in the present work, as indicated by the 


parallel lines in Figure 5. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
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POLYMER LETTERS VOL. 1, PP. 163-165 (1963) 


THE STEREOSPECIFICITY OF TRIMETHYL 
LEVOGLUCOSAN POLYMERIZATION* 


In previous papers of this series the polymerization of various 1,6- 
anhydro sugar derivatives has been reported (1-4) and the greater ease 
of pelymerization of those 1,6-anhydro sugars having a free hydroxy] 
group on the 2 position has been noted (3,4). Recently Russian workers 
have found conditions under which trimethyl levoglucosan (1,6-anhydro- 
2 ,3,4-trimethyl-8-D-glucopyranose) will polymerize to products of 
Nsp/C = 0.22 to 0.30 (unspecified concentration) and molecular weight 
by light scattering of 280,000 to 394,000. We wish to confirm the sig- 
nificant observation that boron trifluoride etherate in toiuene does pro- 
duce polymers from trimethyl levoglucosan of about this viscosity and 
to add a few further observations. 

The very high molecular weights obtained by the Russian workers by 
light scattering probably reflects the presence of microgel in their prep- 
arations as has been observed on other polysaccharides (1,2,6). Num- 
ber average degrees of polymerization on our ether-insoluble products 
ranged up to 25 at similar viscosity levels and no other explanation pre- 
sents itself for the abnormal weight average molecular weights they ob- 
served. 

The yield of ether-insoluble polysaccharide (around 90%) was rela- 
tively insensitive to the addition of water. Polymerization occurred 
more slowly, but 65% of ether-insoluble product was formed even when 
there was added a catalyst mixture containing one half a mole of water 
per mole of boron trifluoride. In addition an ether-soluble product of de- 
gree of polymerization of about eight was formed in these polymeriza- 
tions. 

The Russian workers reported the optical rotation of unsubstituted 
levoglucosan polymers and their values as expected indicate a mixture 
of aand B forms. They noted the crystallinity of the trimethyl levoglu- 
cosan polymers, but did not report their rotation. We have found that the 
rotation of these products is very high, [a]p = 197-199°, indicating an 
overwhelming predominance of qa linkages. The polymers produced 
somewhat more slowly in the presence of water or (especially) isopropy] 
alcohol have even higher rotations increasing regularly with increase in 
water content to [a]p = 203-204°. This can not reflect the concomitant 
decrease in molecular weight which, of course, has the opposite effect. 
Clearly this polymerization is under steric control of the catalyst com- 
plex and a decrease in rate.is accompanied by an increase in the steric 
control, This result is quite analogous to the ‘‘proliferous’’ and ‘‘flash’’ 





*Addition Polymerization of Anhydro Sugar Derivatives. VI. 
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polymerization of epoxides described by Schildknecht. 
Experimental 


Polymerization of 1,6-anhydro-2,3,4-tri-O-methyl-8-D-glucopyranose: 
Trimethy! levoglucosan (m.p. 63-64°C., [a]4? = -63.7°) was dissolved 
toluene in a narrow-necked tube (15 x 18 mm.). The solution was degas- 
sed by freezing and evacuation. Catalyst solution was introduced with 
a small syringe through a rubber sealing cap, the tube rapidly sealed, 
and the mixture allowed to stand at room temperature for a period of 
time. In all the experiments described in Table I, solution set to a sol- 
id gel. The polymer was removed from the tube, washed thoroughly with 
ether and dried in vacuo. Fther washings were combined, and allowed 
to evaporate. Ether-soluble product crystallized from solution. 

Number average molecular weights were determined in a vapor pres- 
sure osmometer (Model 301A Mechrolab, Inc., Mountain View, Califor- 
nia) using trimethyl levoglucosan as standard and chloroform as solvent 
at concentrations of four to eight grams per 100 ml. 

Optical rotations [a]? were determined in chloroform at concentra- 
tions of 0.63 g./100 ml. for the ether-soluble polymer and about 3 g./100 


ml. for the ether-insoluble material. 


This investigation has been supported by research grant RG-6168 
from the Division of General Medical Sciences, National Institutes of 
Health. 
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POLYMER LETTERS VOL. 1, PP. 167-170 (1963) 


DIFFERENTIAL THERMAL ANALYSIS OF HIGH POLYMERS 
VII. SOME LOW-TEMPERATURE TRANSITIONS 


Many high polymers undergo transitions at low temperatures. Transi- 
tions involving the onset of chain-segment motion (glass transition), or- 
dering (crystallization), and disordering (melting), etc., have been ob- 
served. The DTA cell assembly discussed in a previous paper (1), be- 
cause of its small size and ease of handling, is especially convenient 
for the low-temperature experiments. Transitions in polytetrafluoroeth- 
ylene, atactic polypropylene, and polydimethylsiloxane have been 
studied. 

Low-temperature experiments can be easily carried out with the small 
cell assembly inside a metal or glass Dewar flask. Temperatures as 
low as —195°C. can be conveniently obtained by cooling the assembly 
with liquid nitrogen. A glass or metal tube wound with a heating cord 
or tape may serve as the heater. 

Polytetrafluoroethylene (DuPont’s Teflon) displays a unique first-or- 
der transition near 20°C., followed by a subsidiary transition at about 
30°C., as shown in Figure 1. X-ray diffraction studies have indicated 
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Fig. 1. Some transitions in Teflon, atatic polypropylene, and 
silicone rubbers at low temperatures. 
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Fig. 2. Glass-transition temperature of atactic polypropylene 
as a function of molecular weight. 


that these transitions occurring far below the meiting point (327°C.) ac- 
tually involve a partial disordering of the crystalline region (2). The 
disordering has been attributed to either longitudinal translation along, 
or angular displacement about, the chain axis. Evaluation of the poly- 
tetrafluoroethylene thermogram showed that the heat of the 20°C. transi- 
tion, about tenfold that of the subsidiary one at 30°C., is in good agree- 
ment with other calorimetric results (3). 

Polypropylene is known to have a brittleness temperature not too far 
below 0°C. In Figure 1, the thermogram of an atactic polypropylene 
with an intrinsic viscosity of 0.37 dl./g. shows a baseline inflection at 
—18°C., corresponding to the glass-transition temperature. The glass- 
transition temperature of an isotactic polypropylene with unspecified 
molecular weight or crystallinity has recently been reported to be 
—20°C., as measured by linear dilatometry (4). 

In atactic polypropylene, the glass-transition temperature is expected 
to vary with molecular weight. This was confirmed by measuring the in- 
flection temperatures of the thermograms of a number of atactic polyprop- 
ylene samples covering a broad molecular weight range. Intrinsic vis- 
cosity of polypropylene samples was measured in decalin at 135°C. The 
number-average molecular weight was calculated from the equation (5): 


[yn] = 1.58 x 1074 M,°:?? 


The inflection temperatures plotted against [yn] or molecular weight, as 
shown in Figure 2, shows a relationship typical of many other polymers 
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(6). Some of the samples used here may contain a small amount of crys- 
talline material; however, its effect on the glass-transition temperatures 
is probably small. For instance, the atactic polypropylene with intrin- 
sic viscosity of 5.3 was found to be 12% crystalline by x-ray analysis 
(7). 

Two commercial polydimethylsiloxane elastomers—Dow Corning’s Si- 
lastic 50 and 80—both vulcanized and containing fillers, were heated 
from —150°C. at a rate of 2°C./min. Polysiloxane elastomers are known 
to have very low glass-transition temperatures, which are attributed to 
the extremely flexible silicon-oxygen backbone chain. Silastic 50 had a 
glass transition at —112°C.; Silastic 80 at —120° (Fig. 1). However, 
Silastic 80 could be supercooled, as evidenced by the exothermic crys- 
tallization peak starting at —108°C. upon heating. The crystalline state 
in Silastic 50 may partially contribute to the somewhat higher glass- 
transition temperature described above. The supercooling could be due 
to a number of causes: the manner of quenching, the filler content, or 
possibly the state of vulcanization. 

In both Silastic 50 and 80, the onset of melting occurs at —55°C. and 
ends at —44°C. Judging from the size of the melting peaks, it may be 
inferred that Silastic 50 is more crystalline than Silastic 80. 

The low-temperature transitions illustrated here are invariably asso- 
ciated with changes in mechanical properties and are usually investiga- 
ted by more elaborate techniques as dilatometry or mechanical property 
measurements over the temperature range of interest. It is clear from 
these few illustrations that useful information associated with such 
transitions can easily be studied by the simple technique of DTA. 


The author thanks Dr. E. G. Kontos of U. S. Rubber Co. for the atac- 


tic polypropylene sample with 5.3 intrinsic viscosity. 
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A NOTE ON THE GLASS-TRANSITION TEMPERATURES 
OF ACRYLONITRILE + STYRENE COPOLYMERS 


The dependence of the glass-transition temperature, t,, on the com- 
position of block and random acrylonitrile + methyl methacrylate (AN + 
MMA) and styrene + methyl methacrylate (S + MMA) copolymers have al- 
ready been described (1). We would like briefly, to communicate the re- 
sults of an examination of random acrylonitrile + styrene (AN + S) copol- 
ymers. Interest in this system arose for two reasons. 

1. Measurements of the x-ray scattering from (AN + S) copolymers, 
using methods previously described (1), showed a distinct break at a 
composition corresponding to about 80 mole % AN in the curve relating 
intermolecular spacing with mole composition. Average intermolecular 
spacing at the break was 5.3A. and showed little change with increase 
in the proportion of AN in the copolymer. These results will be given 
in more detail elsewhere. 

2. Homopolymers prepared from these vinyl monomers have similar 
glass-transition temperatures; polyacrylonitrile, 87-98°C.; polymethyl- 
methacrylate, 105-114°C.; polystyrene, 100°C. A minimum in the glass 
temperature —composition curve has been observed for (AN + MMA) and 
(MMA + S) random copolymers and it is interesting to know if (AN + S) 
random copolymers show similar behavior. An examination of the solu- 
tion properties of a number of acrylonitrile random copolymers in a vari- 
ety of solvent/nonsolvent mixtures has shown the nature of the comono- 
mer to be unimportant in determining the concentration of nonsolvent at 
which aggregation is observed (2). From these experiments (AN + S) 
copolymers should, therefore, be similar to (AN + MMA) copolymers. 
The x-ray results, however, demonstrate that this need not be the case 
since the glass temperature will undoubtably be affected by the mode of 
packing and freedom of segmental motion of the molecular chains. 

Results for a series of copolymers prepared by bulk (samples 1-10) 
and benzene solution copolymerization (samples 11-30) are given in Ta- 
ble I. Copolymerization was carried out at 60°C. using carefully distil- 
led monomers and recrystallized azobisisobutyronitrile (AIBN) as initia- 
tor. Solutions contained 40 ml. monomers, 55 ml. benzene and 0.08 g. 
AIBN and were polymerized for 1-4 hr. under nitrogen. Bulk polymeriza- 
tions using 50 ml. mixed monomers and 0.3 mole % AIBN were carried 
out in Pyrex ampoules in vacuum for 3 hr. (samples 1-6) and 75 min. 
(samples 7-10). Polymer compositions were determined by nitrogen anal- 
ysis. Glass temperatures and densities of the films prepared from these 
samples were determined by the methods, and with the usual precautions 
given earlier (1). Figure 1 gives a plot of t, for the copolymers and a 
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100 
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Fig. 1. The glass-transition temperature t, of random acrylonitrile + 
styrene copolymers prepared by bulk (@) and benzene solution copoly- 
merization (0); results of Kolb and Izard (@). 


comparison with results obtained by Kolb and Izard (3). Repeated 
checks of the glass temperatures showed these to be reliable to +0.5°C. 
and repeated preparations (samples 18, 19, 20, and 29) duplicated the 
earlier results. It was established that the results in the region 82-92 
mole % AN showing a sharp minimum in t, were well outside experiment- 
al error. 

The general trend shows an enhancement of t, suggestive of block 
copolymer properties found for (AN + MMA) copolymers (1) but also ob- 
served with acrylonitrile + vinyl acetate (4) and acrylonitrile + dimeth- 
ylbutadiene copolymers (5). Other examples have been given by Koles- 
nikov and Avetyan (6) who examined copolymers of 1,1-dichloro-2-fluor- 
ethylene, 1-chloro-2-fluoroethylene, and 1,1-dibromo-2-fluoroethylene 
with styrene, alkoxystyrenes, and methyl methacrylate. With the latter 
monomer a minimum glass temperature was observed whereas the styrene 
copolymers showed enhanced properties thus paralleling the (AN + MMA) 
and (AN + S) copolymers. Kolesnikov and Avetyan, loc.cit., ascribed 
the increase in t, to the denser packing of the polymer molecules aris- 
ing from the formation of hydrogen bonds between the fluorine atoms of 
one chain and the hydrogen atoms of the phenyl groups on neighboring 
chains. Since the distribution of residues along the chain is random, 
such bonds will be infrequent and cause only a slight increase in ty. 
Strong intermolecular forces exist in polyacrylonitrile and arise princi- 
pally from dipole-dipole interactions between CN groups. These inter- 
actions also account for the high degree of association found in the liq- 
uid mono and dinitriles (7). 
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From the x-ray studies we have direct evidence that the packing in 
the (AN + S) copolymers is greater than in the (AN + MMA) copolymers 
and therefore expect the corresponding values of t, to be higher. The 
major part of the polymer still remains in the amorphous regions. In 
solution, aggregation of chain molecules is brought about by point con- 
tacts, most probably between CN groups in the case of acrylonitrile co- 
polymers, and considerations relating to the alignment of molecular seg- 
ments to form crystallites, of sufficient size to diffract x-rays, will not 
apply. Aggregation will then be dependent only on the proportion of 
acrylonitrile residues in the copolymers, provided their distribution is 
completely random. 

The glass temperature is obviously very sensitive to the structural 
arrangement and packing of the chain sequences since several points in 
Figure 1, (sample no. 16, 17, 22, 23, and 24) show noticeably different 
behavior with a very sharp minimum at about 89 mole %. The only other 
difference between these specimens and samples 7, 15, and 26 which 
are of comparable composition is in the slightly greater breadth of the 
x-ray diffraction peak. The result of Kolb and Izard (3) gives further 
confirmation. There are marginal indications that polystyrene has a 
chain with greater flexibility than polymethylmethacrylate (1), so that 
when copolymerized with acrylonitrile the greater flexibility of the sty- 
rene sequences will allow the acrylonitrile residues to pack better and, 
of greater importance since crystallite size is known to be very small, 
will allow many more acrylonitrile residues to come into contact and so 
stiffen the whole polymer matrix. Since every attempt was made to pre- 
pare polymers under carefully controlled conditions the results of Figure 
1 would suggest that for (AN + S) copolymers the balance between the 
intermolecular forces, causing a stiffening of the matrix, and chain flex- 
ibility can easily be shifted by slight variations in polymerization con- 
ditions and probably has its origin in changes in the distribution of se- 
quence lengths. 

Density and refractive index show a continuous change with copolymer 
composition and do not show a discontinuity in the region of 80-90 mole 
% AN. Specimens 9 and 15 for example have comparable densities al- 
though their glass temperatures differ by 14°C. The density of PAN 
(sample 14) was unusually high compared with the usual value of 1.184 
g-ml~}, 
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GLASS TRANSITION TEMPERATURES IN AMORPHOUS SELENIUM 


The glass transition temperature, T,, in amorphous selenium has 
been determined by a variety of techniques in the past, including ther- 
mal expansion, specific heat, and dielectric constant measurements (1), 
with all these results falling within the range of 29.8 + 0.3 to 30.7 + 
0.6°C.. Recently the work was redone (2) by measurements of the spe- 
cific gravity versus temperature of superpure selenium quenched from 
different temperatures (270, 375, and 500°C.), with the results of six 
determinations falling within 31.0 + 0.5°C.. While the detailed thermal 
histories of the samples which were used in the determinations reported 
in reference (1) are not available, it seems safe to say in view of the 
more recent work that the quenching temperature has no appreciable ef- 
fect on the transition temperature. The samples do however differ in an- 
other physical property, their tensile viscosity (2), thus showing that 
they do not have the same effective quench temperature which they 
might have acquired by re-equilibration in the cooling process. This is 
very surprising in view of the fact that liquid selenium at elevated tem- 
peratures represents a dynamic equilibrium between rings and chains 
(3) with the chain length decreasing and the polymer concentration in- 
creasing as a function of temperature, and these changes, particularly 
the latter, would be expected to have pronounced effects on the T, val- 
ue. It means, therefore, that the lowering of the T, as a result of the 
decrease in chain length is exactly counterbalanced by its rise due to 
the increase in polymer concentration. Thus it is of interest to calcu- 
late the magnitude of these effects separately and to estimate the T, 
values of the pure Seg, and pure polymer, which are impossible to obtain 
experimentally. 

Effects of this type have been investigated in the past for some or- 
ganic polymers. The dependence of the glass transition temperature on 
the molecular weight has been given by various investigators (4) in the 
form 

T, = Tg + AM (1) 
where T,™ is the value for a polymer of infinite chain length, A is a 
negative constant and M the molecular weight. This has been found to 
be particularly true for molecular weights above 5000. 

The effect of added low molecular weight diluent on Tg has been dis- 
cussed by Jenckel (5) who gives several relationships. Those reproduc- 
ing the experimental data most accurately are 
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1/T W,i/T,, + W2/Te, (2) 


¥ 


and 


va WiT,, + W2Tg, — WiW, Akn/AB (3) 
where T,, and T,, are the glass transition temperatures of polymer and 
diluent and W, and W, the corresponding weight fractions, Akn is a com- 
plicated expression for the deviation from linear additivity of the refrac- 
tive indices of mixtures of polymer and diluent above and below the 
transition temperature, and AB is a corresponding expression for the 
temperature coefficients of the refractive indices. 

While eq. (3) seems to fit some experimental data somewhat better 
than eq. (2), it cannot be applied in this case due to the absence of in- 
formation regarding Akn and Af. One must, therefore, resort to eq. (2), 


which in conjunction with eq. (1) yields 
1/T, = W,/(A’/P) + Tg,”] + W2/Tg, (4) 


where the symbols have the meaning given above except that A/M has 
been changed to A’/P, since data on the chain length of selenium are 
available as degrees of polymerization P, rather than the molecular 
weight M. 

The data for the glass transitions and the compositions of the sam- 
ples quenched from the three temperatures mentioned above are given in 
Table I (2). 


TABLE I 


Temperature We.-% 
monomer PP, in units of Seg T,, °K. 


Sample of quenching, °K. 


a 543 33 450 304 
b 648 > 90 304 


c 775 17 20 304 


Inserting these values into eq. (4) one obtains three equations with 
three unknowns. Eliminating T, ,~ and then A’ we obtain a quadratic 
equation for T,,, which yields Tg, = 223 or 46°K. The second of these 
values must be eliminated since it yields negative values for Tg, = 
With Tg, = 223, we obtain ... = 372°K and A’ = -940. The glass 
transition temperature of the pure amorphous Se, can thus be taken as 
—50°C. and that of the pure polymer as +(100 — 940/P)°C.. 
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It should be pointed out that the values thus obtained are minimum 
values for the transition temperatures, since solutions of polymers in 
low molecular weight materials exhibit a lower T, in the region of inter- 
mediate composition than might be expected on the basis of eq. (2). 
Thus, since only the intermediate composition region is available for 
evaluation here, the T, values of the pure components might be expect- 


ed to be somewhat higher than the calculations indicate. 
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ELECTROINITIATED POLYMERIZATION 
OF VINYL PYRROLIDONE 


Free radicals generated at the anode of an electrolytic cell can acti- 
vate polymerization of various monomers (1-3). The study of the kinet- 
ics of such reactions is frequently impeded by the coating of the elec- 
trode with insoluble material which affects the conditions of electroly- 
sis. 

Recently we reported results in a homogeneous organic system where 
such difficulties did not occur (4). In this present work we chose a wa- 
ter soluble polymer in the belief that this would yield a homogeneous 


aqueous system for convenience in kinetic analysis. 
Experimental 


Electrolyses were performed in glass cells using platinum electrodes 
1 in. x 1 in. spaced 3/4 in. apart. In all experiments vinyl pyrrolidone 
was dissolved in methanol containing 1.33 moles potassium acetate per 


liter and electrolyzed at a fixed current regulated by a constant current 


supply. 


Results and Discussion 


Polymer formed as insoluble sheets on the anode and prevented our 
conducting a kinetic study. However, it was found that the physical 
form of this polymer was such that the resistance of the solution was un- 
changed and the electrolysis was not hindered. 


y, 


The insoluble polymer formed at approximately 1% conversion, was 
collected, washed with methanol, dried, and weighed. The influence of 
current density and monomer concentration on the yield of polymer per 
faraday was determined and the data are shown in Figures 1 and 2. 
Studies of the Kolbe reaction indicate that the efficiency of methyl 
radical dimerization increases with current density (5). Radicals which 
do not dimerize may initiate polymerization and the efficiency of initia- 
tion should be opposite to the tendency for Kolbe dimer formation, i.e., 
highest initiation efficiency at lowest current density. From Figure 2 it 
is evident that increase in monomer concentration leads initially to in- 
creased efficiency of electrolysis. There is however, little effect on the 
ratio of yield/faraday at monomer concentrations in excess of 20%. Pre- 
sumably this limit is governed by the rate of diffusion of monomer to the 
electrode surface as well as on increased rate of termination. The abso- 


lute efficiency, however, was exceedingly low in this system and it is 
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estimated that as a maximum 0.1% of the electrons transferred ultimate- 
ly resulted in the initiation of monomer. 

The insolubility of the polymer formed is undoubtedly due to crosslink- 
ing. The ease of removal of labile hydrogens from polyviny! pyrrolidone 
in the 3-, 5-, and a-positions is consistent with this view. In each in- 
stance the resulting radical will possess some resonance stabilization, 
and in an environment of a high concentration of methyl radicals it is 
understandable that a predominantly insoluble polymer will form. 


We gratefully acknowledge the financial assistance of the National 
Research Council of Canada in support of this work. 
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A STUDY OF FREE RADiCAL FORMATION ON IRRADIATION OF 
POLYISOBUT ENE USING A RADIOACTIVE DISULFIDE SCAVENGER 


Scavenger techniques have been widely applied to study free radical 
formation in radiation chemistry. In the case of saturated hydrocarbons 
iodine has been used to provide values of G (hydrocarbon radicals) by 
estimation of alkyl iodides or, equivalently, by consumption of iodine 
with y-radiation or fast electrons at dose rates of up to 6 Mrad./min. (1). 
Because of the convenience of spectrophotometric analysis G (radical) 
values have been estimated mostly from the consumption of either iodine 
or diphenylpicrylhydrazyl, with similar results. The average of 35 such 
values is 6.4 with a standard deviation of 1.2 and as the range includes 
saturated hydrocarbons as diverse as n-hexane and 2,2,4-trimethylpen- 
tane it has been pointed out that the yield of free radicals is little de- 
pendent on details of structure (2). This generalization has even been 
found valid for the related yield of polymer free radicals formed by irra- 
diation of solutions of polyisobutene in n-heptane (10 g. /liter) (3,4). 

In all these cases studied previously the hydrocarbons were mobile and 
the purpose of this note is to report an extension of quantitative scaveng- 
ing techniques to an exceedingly viscous hydrocarbon, a purified and 
thoroughly degassed polyisobutene having a viscosity of 10° poise 
(M, ~ 10°) at 20°C. (5). 

A doubly labeled scavenger, phenyl-H *-sec-butyl-S}*-disulfide (I) was 
chosen for this study because it satisfied the restrictive requirements of 
(1), solubility in the polymer and (2), an unequivocal scavenging role. 
Compound (I) scavenges a polymer radical (R-) with cleavage of the di- 
sulfide bond (6) mainly by elimination of the resonance stabilized ben- 
zenesul phenyl! radical (reaction 1). Other scavenging reactions may in- 
clude elimination of sec-butylsulphenyl radicals from the disulfide (re- 
action 2) and reaction of either benzenesulphenyl or sec-buty]l-sulphenyl 
radicals with polymer radicals (reactions 3 and 4). 


™ 
ya Meade SS cans Se acini Ee OD eRe aus R —S35 — Bu (82°) + ¢ T \—s. 
\ 
etal 


(I) (1) 
R—s—<(T \ Hel?*o S25 


(2 
R-+ ( T )—S-—+R—S—( T ) (3) 
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R- + Bul***)___ S35 —.. R — S95 — Bul???) (4) 


The only other likely fates for the sulpheny] radicals are various radi- 
cal recombination reactions since other experiments have shown that 
they do not react with polymer molecules under similar reaction condi- 
tions. It is permissible therefore, to equate G (combined sec-Bu-S #5 — 


+ <9 \eiaitlhonth with G (polymer radicals). 
ae 


Since the disulfide diffused very slowly, and possibly incompletely, 
into the polymer it was carried in with the common solvent analytical 
grade petroleum ether (b.p. 30—40°C.) which was subsequently largely 
pumped off (less than 5%, on weight of polymer, remaining) before the 
mixtures were sealed in evacuated pyrex tubes. Mixtures with varying 
proportions of disulfide were exposed simultaneously with water cooling 
(~20°C.) to a beam of 4 Mev. electrons from a linear accelerator at a 
dose rate of 1 Mrad./min. Several days later the mixtures were dissolved 
in toluene and the polymer recovered by precipation with methanol and 
centrifuging. This process was repeated three times and finally S*5 and 
tritium activities determined in toluene solution in a liquid scintillation 
counter. It is certain that the measured activities represented scavenger 
combined with the polymer because unirradiated controls were found to 
be inactive after similar treatment. 

The results obtained after a dose of 1 Mrad. (Fig. 1) show that there 


are more BuS*5- groups than ( T )——S-groups combined with the poly- 


mer, and hence that reaction (1) assumes the predominant scavenging 
role except at very low concentrations of scavenger. A G (polymer radi- 
cal) value of 7.3 is attained with a scavenger concentration of near 10~* 
moles/g. and is not increased by using higher concentrations. At a high- 
er dose of 5 Mrad. radical trapping was incomplete in the same concen- 
tration range, indicating some unresolved complication. However, as 
similar results to those in Figure 1 were obtained even at this higher 
dose in experiments with labeled thiophenol as scavenger it seems per- 
missible to consider their general implications. 

Comparison with results for mobile hydrocarbons indicates that a high 
viscosity does not reduce the yield of radicals but increases the concen- 
tration of scavenger needed to trap them by about one order of magnitude. 
A similarly large concentration requirement has previously been observed 
where scavengers have been used to suppress network formation on irra- 
diation of another highly viscous polymer, natural rubber (7). A reason- 
able explanation may be developed from the generally held view that free 
radicals are formed in clusters, of two or more, on absorption of high en- 
ergy radiation. In a viscous medium interradical reactions within clus- 
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Fig. 1. Influence of concentration of disulfide on the 
yields of sulphenyl groups combined with polymer. 


ters could be favored and consequently a higher concentration of scaven- 
ger required to compete with them. 

Another implication of the results in Figure 1 stems from the observa- 
tion of an undiminished yield of radicals in the presence of a relatively 
large concentration of scavenger. Ordinarily, in radiation chemistry the 
scavenger concentration is kept very low in order to minimize possible 
interaction with the precursors of hydrocarbon radicals (charged species, 
excited molecules, and hydrogen atoms) but these appear to be largely 
insensitive under the conditions studied here. A subsequent publication 
will describe the results obtained when similar studies are extended to 
include still higher concentrations of scavenger by using labeled thio- 


phenol in place of the disulfide. 

We gratefully acknowledge that this work was begun in the laborato- 
ries of the Natural Rubber Producer’s Research Association and that the 
samples were irradiated at Wantage Research Laboratories (A.E.R.E.). 
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CONFORMATION OF RANDOM COIL MACROMOLECULES IN 
THE UNDILUTED MOLTEN STATE 


It has not, to our knowledge, been noted in polymer literature that 
there are two conflicting concepts of the conformation of random coiling 
macromolecules in the molten, undiluted state. 

On the one hand, the unperturbed random walk conformation has been 
inferred (1) from apparently sound thermodynamic reasoning. On the 
other hand, a ‘‘dense volume’’ conformation has been proposed by E. C. 
Rochow from study of electron micrographs of replicated fracture sur- 
faces, following a technique called resinography (4). These conforma- 
tions represent vastly different effective sizes and vastly differing de- 
grees of entanglement between segments of different macromolecules. 

As a specific:example, consider polyisobutylene of 1 x 10° molecular 
weight. From viscometrically observed values of r 2/M the r.m.s. end- 
to-end distance (2) is around 760 A. The effective diameter of the coil 
corresponding to the ‘‘physical excluded volume’’ is according to Tan- 
ford (5) about 1.6 times the radius of gyration, thus about 2/3 of the 
r.m.s. end-to-end distance, which in this example turns out to be about 
500 A. According to the Rochow calculation, the diameter D of the 
polyisobutylene molecule of M = 1 x 10° molecular weight, given by 
nD *p/6 = M/N a where p = bulk density, 0.92 g./cm.?, and N, = Avaga- 
dro number, would be 143 A. More recent resinographic studies by T. G. 
Rochaw (6) employ the same concepts of ‘‘dense volume’’. 

If the Rochow ‘‘dense volume’’ conformation be correct, the interpene- 
tration of segments of neighboring macromolecules in a bulk noncrystal- 
line phase would be limited to a sort of surface layer. In fact, this is 
explicitly assumed for Rochow writes; ‘‘It is a natural assumption that 
the discontinuities that appear on a fracture surface reflect weaknesses 
in the cohesion of the structural units, that is, the substance fractures 
between structural entities . ... It is assumed that the rubber phase 
breaks by tearing apart such molecules rather than by splitting the mole- 
cules themselves.’’ If the unperturbed random coil conformation is cor- 
rect, interpenetration would occur to an extent differing in order of mag- 
nitude, as suggested by the following numerical result. The distance L 
between centers of mass of the macromolecules can unequivocally be 
calculated as L* = M/pNg giving L = 123 A. for M= 1x 10° and p= 
0.92. If the domain of one macromolecule as an unperturbed random coil 
is considered to reside in a spherical volume of 65 x 10° A.? (for D = 
500 A.), the centers of some 35 other molecules would lie within this do- 
main. This would presumably lead to the results expressed by Flory (3): 
“Linear polymer chains of high molecular weight normally are almost 
hopelessly entangled with their neighbors.”’ 
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Since conformation and the related problem of entanglement are so ba- 
sic to understanding flow and mechanical properties, it appears that new 
studies should be made of the subject. 
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INTERMOLECULAR FORCES IN BIAXIALLY ORIENTED POLYMERS 


Several years ago Lipatov (1) discussed, in an extensive review, the 
evaluation of the influence of orientation on the intermolecular forces of 
polymer chains by comparing the heat of solution of the oriented polymer 
with that of the unoriented polymer. The heat of mixing Q of a solvent 


with an amorphous polymer is composed of three components: 
Q = Ey2 — (1/2) (E11 + E22) (1) 


where E42, E,;, and Ey» are pair contact energies of polymer-polymer, 
solvent-solvent, and solvent-polymer bonds respectiveiy. The change in 
E42 upon orientation of the polymer is directly reflected in the change 
in Q. Results of heat of solution measurements indicate that the inter- 
molecular interaction of polymer chains can increase or decrease upon 
orientation. We would like to report some preliminary data on the effect 
of biaxial orientation on the intermolecular forces in polystyrene and 
polypropylene by the vapor sorption method. 

It has been suggested (2) that, in the vapor sorption method, the heat 
of mixing of a solvent with a crystalline polymer is best written as: 


Q = E42 - (1/2) (E13 + En2) + det (2) 


where q,; is the change in the potential energy of the polymer chain as 
a result of the change in chain conformation necessary for the accommo- 
dation of the vapor molecules. Equation (2) was used to explain the dif- 
ference between the Q values for the isotactic and amorphous polypro- 
pylenes. The inclusion of q,; term unfortunately introduces much ambi- 
guity to the interpretation of intermolecular forces from the measure- 
ments of heats of sorption. It is customary to assume that only the 
amorphous region of a semicrystalline polymer is penetrable to vapors. 
According to the current concept of polymer morphology (3) it appears 
reasonable to assume that the segments or loops in the amorphous re- 
gion are not easily ‘‘deformed’’ upon orientation. The probability that 
each polymer-solvent contact is accompanied by a change in chain con- 
formation is therefore assumed to be the same for both the oriented and 
the unoriented polymers (i.e., the q,; term is assumed to be not affected 
by orientation.) 

Biaxially oriented polystyrene (Kardel) and polypropylene (Cryovac Y) 
films were used. The crystallinity of the Cryovac film was estimated 
from the density of the heat-shrunk film to be about 65% (4). In all our 
calculations, the weight of the polymer refers to the weight of the amor- 
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phous portion of the material. 

The vapor sorption measurements were carried out with a calibrated 
quartz-spring balance (5). Most of our experiments were conducted at 
low vapor pressures with relatively small quantities of sorbed vapors. 
This precaution is necessitated by the observation that disorientation 
of polystyrene occurs when the solvent content in the polymer increases. 
The partial molar heat of sorption is calculated from the sorption iso- 


therms by the use of eq. (3): 
(AH ,) = [0(AF ,/T)/0(1/T) In (3) 


The value (AH,)x., = ; is obtained by extrapolation and is used in sub- 
sequent discussions. 

The sorption isotherms of benzene and toluene by biaxially oriented 
PS are shown in Figure 1. Small but positive temperature coefficients 
were found for the sorption of both vapors. For clarity, only the iso- 
therms at 30°C. are shown. The sorption of toluene by unoriented PS 
is temperature independent; the amount of sorption reaches about 3 g./ 
100 g. polymer at P/Pyg = .10 (6). The equilibrium sorption of ben- 
zene by unoriented PS at 25°C. is about 2.9 g./100 g. polymer at P/P y= 
0.10 (7). The marked decrease in sorption capacity by biaxially orient- 
ed PS is to be contrasted with the increase in sorption of ethylbenzene 
by oriented PS (presumably uniaxial) (8). Disorientation of biaxially 
oriented PS occurs during the sorption of toluene at 40°C. and P/P, T 
0.44, as evidenced by the shrinkage of the film. 

The equilibrium sorption of hexane by biaxially oriented PP is temper- 
ature independent while the sorption of benzene increases with tempera- 
ture. The isotherm for benzene at 40°C. is close to that of hexane and 
is not shown in Figure 1. The isotherms for the unoriented film are in- 
cluded for the purpose of comparison. The experimental results are sum- 
marized in Table I. 

In comparing the two PS samples, it may be safely concluded that bi- 
axial orientation causes a decrease in the intermolecular forces which 
is manifested in the decrease in density and E,5. The marked reduction 
in sorption capacity may be ascribed to the decrease in the number of 
possible configurations of the stretched polymer chains. On the other 
hand, the loosening of molecular packing appears to be the predominant 
factor in the observed increase in ethylbenzene sorption by uniaxially 
oriented PS. 

The AH, values for the sorption of hexane and benzene by the two PP 
samples suggest that the intermolecular forces of the amorphous region 


of the polymer increases as a result of biaxially orientation. Presuma- 
bly, this may be interpreted as an indication of an increase in packing 
density of the amorphous phase upon orientation. Yet the density of the 
polymer sample as a whole decreases upon biaxial orientation. This 
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Fig. 1. Sorption of organic vapors by biaxially oriented polymers. 
Curve 1, benzene — B.O. PS; curve 2, toluene — B.O. PS; curve 3, ben- 
zene —U.O. PP; curve 4, hexane —U.O. PP; curve 5, hexane —B.O. PP. 


TABLE I 


Partial Molar Heats of Sorption 





Density ; ( AH 1) 9=1 

Polymer g./ml. at 22°C. Solvent cal. Anal. 
PS .983 benzene ~0 
PS (B.0O.) .934 benzene 730 
PS toluene 0 
PS (B.0.) toluene 700 

PP (isotactic) .906 hexane 1450 (2) 
PP (B.O. isotactic) -903 hexane 0 

(heat shrunk) 909 

PP (isotactic) benzene 2100 (2) 

PP (B.O. isotactic) benzene 750 
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leads to an interesting postulation that biaxial orientation may have 


loosened the packing of the crystalline region. 
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Chemical Synthesis of Oligonucleotides and Nucleic Acids. 
LORD TODD, Chairman 
F. CRAMER, A. M. MICHELSON, POLLMAN, C. B. REESE. 
Cell-free Biosynthesis, DNA, RNA. 
J. HURWITZ, Chairman 
F. J. BOLLUM, R. LITMAN, S. OCHOA, SMELLIE, A. STEVENS, 
G. SCHRAMM, Z. SORMOVA, WEISS, S. WILDMAN. 


195 








POLYMER LETTERS 


196 


PROTEINS (New Hampton School): HERBERT A. SOBER, 
Co-Chairman; HAROLD A. SCHERAGA, Co-Chairman. 
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Immunochemistry. 
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Protein Sub-units. 
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Synthetic Polymers. 


June 25. T. ALFREY; Discussion Leader. 
R. F. BOYER. The Glass Temperature and Related Temperatures in 
Polymers. 
HARRY FRISCH. Remarks on Dr. Boyer’s paper. 
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June 27. S. BYWATER. The Effect of Solvent in Anionic Polymeriza- 
tions. 
J. SMID. Kinetics of Anionic Polymerization and Copolymerization. 
P. REMPP. Morphology of Block Polymers in Solution. 
A. SEHON. Thermodynamics and Kinetics of Antibody-Hapten Reac- 


tions. 
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June 28. P.H. PLESCH. Theory of Carbonium-Ion Polymerization. 
J. KENNEDY. Isomerizations in Low Temperature Carbonium-Ion 


Polymerizations. 


TEXTILES (Colby Junior College): RICHARD STEELE, Chairman; 
DONALD D. GAGLIARDI, Vice Chairman 


July 8-12 


A. B. CRAIG, T. H. GUION, and R. B. THOMPSON. Acrylic Polymer 
Composition and its Relationship to Basic Dye Receptivity. 

MAX FEUGHELMAN. The Unfolding of a-Keratin and the Load-Exten- 
sion Curve for Single Wool Fibers. 

PAUL H. LINDENMEYER. Crystallization Habit and Fiber Formation. 

J. ROSS COLVIN. The Mechanism of Biosynthesis of Cellulose. 

H. ZOLLINGER. Reactivity of Cellulose Hydroxyl Groups in Cross- 
linking and Related Reactions. 

G. C. TESORO, STEPHEN SELLO, and KELVIN DOMOVS. The Reac- 
tivity of Aziridinyl Compounds in Textile Applications. 

WALLER GEORGE. Information Theory and its Relation to the Sta- 
tistical Aspects of Fiber Properties and Fiber-Forming Processes. 

NORMAN R. S. HOLLIES. The Statistical Physics of Fiber-Forming 
Process and Products. 

DUSAN PREVORSEK and W. JAMES LYONS. Behavior of Single Fila- 


ments under Fatiguing in Cyclic Tension. 


ADHESION (New Hampton School): FREDERICK R. EIRICH, Chairman; 
JAMES R. HUNTSBERGER, Vice Chairman. 


July 15. H. A. PERRY. Discussion Leader. 
L.R. LUNSFORD. Analysis of Stress Distribution in Bonded Joints. 
G. IRWIN. Separation Mechanics of Adhesive Joints and Brittle Frac- 
ture of Strain Rate Sensitive Materials. 
W. K. ASBECK. Discussion Leader. 
I. M. ZELMAN and B. MANIRE. Prediction of Adhesive and Cohesive 
Failure with the Fokker Tester. 
R. MYERS. Detection of Incipient Adhesive Failure of Coatings. 


July 16. R. SIMHA. Discussion Leader. 
R. J. GOOD. Thermodynamics of Liquid Surfaces. 
D. D. ELEY. Heats of Wetting and Surface Potentials at Aluminum 
Surfaces. 
H. SCHONHORN. Discussion Leader. 
V. L. VAKULA and S. S. VOYUTSKII. Molecular Structure of Poly- 
mers and Their Interadhesion. 
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A. H. NISSAN and S. S. STERNSTEIN. The Nature of the Adhesion 
Between Cellulose Fibers. 


July 17. J. BIKERMAN. Discussion Leader. 
J. SKEWIS. The Role of Molecular Diffusion in Polymer Tack. 
W. FACKLER, JR. Rapid Test of Setting Times of Adhesive Bonds. 
D. H. KAELBLE. Discussion Leader. 
S. REEGEN. Factors Determining the Peel Strength of Polyurethanes. 
G. GOLDFINGER. Mechanism of Adhesive Failure Between Adher- 
ends of Very Different Elastic Properties. 


July 18. J. HUNTSBERGER. Discussion Leader. 
C. J. SHOAF, H. R. KRYSIAK, and T. C. MAYBERRY. Adhesives 
for Dacron Polyester Tire Cord. 
J. OUTWATER. The Strength of Glass as Bonded to Resins. 
H. F. WAKEFIELD. Discussion Leader. 
W. E. CASS. Chemical Factors in Bonding Resins to Glass Fibers. 
L. E. ST. PIERRE. Adhesion and Boundary Lubrication. 


I. ZELMAN. Adhesion of Elastomeric Sealants at Liquid Nitrogen 
Temperatures. 


July 19. R. TOMASHOT. Discussion Leader. 
H. H. LEVINE. Polybenzimidazoles. 
A. F. LEWIS. Adhesive Behavior of Amine Cured Epoxy Resins. 


ELASTOMERS (Colby Junior College): DAVID CRAIG, Chairman; 
M. L. STUDEBAKER, Vice Chairman. 


July 15. E. M. BEVILACQUA and W. J. WENISCH. Aging of SBR. 
T. R. PAXTON. Radiation Resistant Elastomers. 


PAUL R. STORY, ROBERT W. MURRAY, and GEORGE H. BEBBING- 
TON. The Chemistry of Antiozonant Action. 


July 16. A. Y. CORAN. Vulcanization Chemistry in the Presence of 
Delayed Action Accelerators. 


s. G. WANLESS and JOHN REHNER, JR. New Findings in the Cure 
of EP Rubber. 


G. KRAUS and J. T. GRUVER. Rheological Behavior and Processing 
of Polybutadienes. 
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July 17. SOL DAVISON, M. A. DEISZ, D. J. MEIER, and R. J. 
REYNOLDS. Abrasion Properties of Tread Stocks. 
TORKEL WEIS-FOGH. Recent Work on the Rubbery Protein Resilin. 


F. BUECHE. The Effect of Temperature and Other Factors on the 
Modulus of Filled and Unfilled Rubber. 





POLYMER LETTERS 199 


July 18. P. B. STICKNEY. Old and New Work on Bound Rubber. 
MELVIN P. WAGNER and H. J. WARTMANN. The Mullins Effect in 
Silica Reinforced Elastomers. 
H. GELDOF. The Bacterial Degradation of Elastomers. 


July 19. G. S. TRICK. Characterization of Polymer Networks by Some 
Newer Physical Methods. 
H. TUCKER, S. E. HORNE, and R. J. MINCHAK. Polymerization and 
Polymer Properties Resulting from Varied Mixed Alkyl Aluminum- 


Cobalt Salt Initiators. 


ORGANIC REACTIONS AND PROCESSES (Tilton School): ELLIS 
K. FIELDS, Chairman; WILLIAM E. TRUCE, Vice Chairman. 


July 22. S. MEYERSON. Organic Ions in the Gas Phase. 
M. J. S. DEWAR. Stereochemistry of Addition to Double Bonds. 


July 23. L. HORNER. Syntheses with Organophosphorus Compounds. 
T. W. CAMPBELL. Catalytic Conversion of Isocyanates to Carbo- 
diimides. 
G. L. CLOSS. Recent Developments in Carbenes. 


July 24. P. KOVACIC. Polymerization of Aromatic Nuclei. 
F. HUBENETT. Preparation and Properties of Isothiazoles. 
H. E. ZIMMERMAN. Recent Developments in Mechanistic and Ex- 
ploratory Organic Photochemistry. 


July 25. D. BRYCE-SMITH. Unsolvated Organomagnesium Complexes. 
F. RAMIREZ. The Oxyphosphorane Reagents. 
A. SCHRIESHEIM. Hydrocarbon Carbanions. 


July 26. W.M. WAGNER. Reactions of Trichloromethyl Anions. 
K. U. INGOLD. The Reaction of Peroxy Radicals with Phenols. 
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RADIATION CHEMISTRY (New Hampton School): HAROLD A. 
DEWHURST, Chairman; MALCOLM DOLE, Vice Chairman. 


July 22. A. G. TENNER. Energy Degradation Processes. 
A. KUPPERMAN. Low Energy Electron Impact Spectroscopy. 


July 23. D. A. RAMSAY. Molecular Electronic Spectroscopy. 
J. R. McCNESBY. Vacuum UV Photochemistry. 


July 24. E. J. HART. Hydrated Electron in Radiation Chemistry. 
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July 25. G. MEISELS. Gas Phase Dosimetry and the Radiolysis of 
Ethylene. 
R. HOLROYD. Liquid Phase Radiolysis of Hydrocarbons. 
S. OKAMURA. Radiation Induced Polymerization of Ring Compounds. 


July 26. R. R. HENTZ. Radiation Chemistry of Heterogeneous Systems. 
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